Abstract: Tenth grade health classes in three high schools received a special program focusing on the immediate physiological effects of cigarette smoking and the social cues influencing adoption of the smoking habit, and classes in two control schools received standard information on the long-term effects of smoking. Only subjects in the special program reported a decrease in smoking from pre to posttest; they also scored higher than controls on a knowledge test. Carbon monoxide levels were significantly lower for subjects in the special group at post-test. (Am J Public Health 1980; 70:722-725.) Cigarette smoking is the single most important preventable environmental factor contributing to illness, disability, and death in the United States. ' Despite widespread -~~~~~~~~~~~~~~k nowledge of the harmful effects of tobacco use,2 adolescents continue to adopt the smoking habit. A recent study by the National Institute of Education reported a five-fold increase in smoking between junior and senior high school.3
Cigarette smoking is the single most important preventable environmental factor contributing to illness, disability, and death in the United States. ' Despite widespread -~~~~~~~~~~~~~~k nowledge of the harmful effects of tobacco use,2 adolescents continue to adopt the smoking habit. A recent study by the National Institute of Education reported a five-fold increase in smoking between junior and senior high school. 3 Numerous anti-smoking programs have been implemented in junior and senior high schools in attempts to reduce the rate of smoking. Traditionally, programs have employed a wide range of techniques including lectures, discussions, posters, and films aimed at increasing student awareness of the harmful long-term effects of cigarette smoking. While some studies have reported positive changes in knowledge and attitudes, most show little or no effect on students' reported smoking behavior. 4-'4 While programs emphasizing the long-term health effects of cigarette smoking have shown little success, recent research in youth smoking prevention has shown promising results with programs emphasizing both the immediate physiological effects of smoking and skill training in coping with the social pressures to smoke. '5-'7 Although such programs have shown promising results in terms of prevention,18 their effectiveness as cessation strategies i.e., with youth who have already adopted the cigarette habit, has not been evaluated.
The present study compared the effectiveness of a multicomponent smoking program with the traditional antismoking curriculum in reducing the incidence of smoking among high school students.
Materials and Methods
Participants were tenth grade students from five local area high schools in the vicinity of Stanford, California. Subjects in three schools (N = 498; males = 227, females = 271) received a special experimental smoking prevention/cessation program conducted in regular tenth grade health education classes. Subjects in two schools (N = 399, males = 188, females = 211) received traditional tenth grade health class material emphasizing the harmful long-term physiological effects of smoking. The five schools selected represented all of the high schools in two local school districts. Schools were matched according to socioeconomic status and then randomly assigned to experimental and control conditions. Experimental subjects received four consecutive 45-minute sessions in their regular health classes during the fall semester, 1978. Health teachers in the experimental schools were trained by the authors and assumed major responsibility for program implementation. Experimental classes focused on social pressures influencing adoption of the smoking habit and the immediate physiological effects of smoking. Slide shows and films presented promotional techniques used to encourage smoking. Teachers helped students to identify "selling strategies" and modeled a variety of selfverbalizations which students could produce to counter the effects of cigarette advertising. Student-led discussion sessions evaluated peer group influences on individual behavior. Students modeled ways of resisting pressures from peers to begin smoking. In addition, students received instruction in identifying social and emotional cues which signal smoking behavior and learned methods to counteract cues to smoke from cigarette advertising and adult models. Students were also introduced to several smoking cessation procedures. These included self-recording of urges to smoke and actual smoking behavior, relaxation strategies to reduce tensions which might cue smoking, and goal setting to direct behavior change.
Physiological measures and performance tests were used to demonstrate the immediate effects of smoking on health. Graduate and undergraduate students from Stanford University measured high school students levels of carbon monoxide, skin temperature, blood pressure, pulse rate, and lung capacity. The nature of each measure as a health indicator was discussed. Mean scores for smokers and nonsmokers were reported in health classes to underscore the negative relationship between smoking and general physical fitness. Details are summarized in Table 1 .
Students in the control schools received information on the long-term harmful effects of smoking, during three days of their regular health classes. Instruction in the control classes was didactic, non-participatory, and did not include instruction on the social pressures to smoke.
Dependent measures included: carbon monoxide (CO) breath samples, knowledge-attitude questionnaire, and selfreported incidence of smoking; post-test CO samples and knowledge-attitude data were obtained for all subjects at the end of Fall Semester.* Subjects' knowledge and attitudes about cigarette smoking were assessed on a 10-item ques-*CO samples were taken with a series 2000 model carbon monoxide analyzer (manufactured by Energetics Science Inc.) Students received no advance notice of day on which breath test was to be done, and teachers were specifically asked not to warn students of the advent of the investigation. 
Results
Significant differences between experimental and control groups were obtained for each dependent measure. Mean carbon monoxide (CO) levels at post-test were 4.83 parts per million for subjects in the experimental program (Sd = 4.6) and 9.10 ppm for controls (Sd = 7.6). A one-way ANOVA revealed these differences to be statistically significant (F(1,3) = 36, 18, p < .01).
Subjects' self-reported smoking during the previous day, week, and month are presented in Table 2 . With respect to changes over time, the experimental group showed significant (p < .05) reductions in the percentage of subjects who reported smoking during the previous day and previous month. No significant improvement from pre to post-test was found for the control group. The between-group analysis at pre-test indicated no significant differences in subjects' reported smoking. At post-test, however, the experimental group had a significantly greater percentage of subjects reporting abstinence in the previous week and month compared to the control group.
Results of the knowledge and attitude survey are presented in Table 3 . Subjects receiving the experimental program scored significantly higher than controls on all items pertaining to the immediate physiological effects of smoking (items 1-5). Furthermore, experimental subjects were significantly more knowledgeable regarding the best way to quit (item 8) and ways to prevent others from smoking (item 9). No significant differences were found for subjects' knowledge regarding the difficulty to quit smoking (item 7) or the reasons why people start smoking (item 6). Likewise, sub- jects in the two groups did not differ on their general attitude toward smoking. The accuracy of subjects' self-reported smoking was estimated by computing a correlation between subjects' CO levels and their reported smoking for the preceding day. Results revealed a significant correlation (r = .53, p < .001) between carbon monoxide levels and reported smoking during the preceding day (obtained from the question: How many cigarettes have you smoked in the past 24 hours?).
Discussion
Results of the present study strongly suggest the superiority of the experimental program in positively affecting subjects' knowledge and attitudes, reported smoking behavior, and carbon monoxide levels.
The finding for knowledge and attitudes is not surprising since the control subjects received information focusing on long-term physical debilitation rather than immediate physiological changes.
Although self-report measures indicated that subjects in the experimental group significantly reduced their smoking relative to controls, behavioral research has shown self-reports to be sensitive to demand characteristics and subjects' forgetfulness and misperceptions.'9 It is possible that the intensive nature of the experimental program placed greater pressure on subjects to report reductions in smoking in line with experimenter expectations. However, the inclusion of carbon monoxide level determinations provided a check on the accuracy of subject's self-reports. The significant differences between experimental and control subjects on the CO post-test measure and the significant correlation between CO and reported smoking on the previous day lend credibility to subjects' self-reports. Although the correlation between CO level and reported smoking appears modest, it should be noted that marijuana smoking, alcohol consumption, and air pollution influence subjects' CO readings. Additionally, the short half-life of carbon monoxide levels for smoking, i.e., 6-8 hours, precludes detection of some selfreported smokers, i.e., those who have not smoked within the previous 8 hours. It is advised that, whenever possible, multiple biochemical measures such as CO and saliva thiocyanate be included in smoking research because they provide a more reliable assessment of subjects' smoking behavior and may enhance the accuracy of subjects' self-reported smoking. [20] [21] [22] While conclusions regarding the long-term effectiveness of the experimental program are premature, the post-test results are encouraging. Future research is presently underway to assess the long-term effectiveness of the program. Component analysis studies are needed to identify those components which alone or in combination maximize desired behavioral change. have sought to associate success in quitting with factors that the individual brings to the workshop. The principal findings have been that older smokers and males are more successful in quitting.'-8 Other characteristics associated with cessation have been reported, but not supported as consistently, including higher levels of education and being married,1'5' 9 a firm commitment to quit,2' 10 expectation of success," symptoms related to smoking,9 believing one's health is threatened by smoking,' 9 smoking fewer cigarettes,9' 12 having a nonsmoking spouse and the support of one's spouse.9 In addition, a review of 89 cessation clinics by Hunt and Bespalec showed a characteristic curve of relapse, with a rate of withdrawal declining to approximately 25 per cent after 12 months.'3 Several recent studies have provided long-term cessation rates over periods up to six years, with varying results.9' 14-16 This study presents long-term follow-up data from nine smoking cessation workshops held in a community hospital over a five-year period.
Introduction

Setting and Methods
Cessation workshops following the standard format of the American Lung Association and American Cancer Society were held every six months for a five-year period. Each workshop met six times over a three-week period, and com-
